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Ⅰ．Introduction
　　　The number of patients with severe motor and 
intellectual disabilities （SMID） who require daily 
assistance and medical care such as respiratory 
management and nutritional management is increasing 
due to advances in medical technologies1） and aging of 
patients with SMID. Life-supporting care is indispens-
able for patients with SMID and their caregivers move 
from medical institutions to home after receiving training 
on necessary procedures from specialists such as nurses. 
In such cases, the information on the care method and the 
numerical values of physical conditions, which were 
visualized by caregivers for themselves, are provided to 
caregivers at the medical institution. However, caregivers 
at home are required to understand on their own the 
communication method with disabled children and the 
meaning of expressed reaction; due to the accompanying 
difficulties, the physical, mental, and social burdens are 
significant.
　　　Previous studies have reported that the reaction in 
speech and movement disorders of the children is so 
subtle that parents find difficult to communicate2） with 
them and determine their physical condition.3） Moreover, 
in situations where things do not proceed as expected, 
parents find it challenging to identify the reaction to 
please themselves.4） Caregivers patiently try to under-
stand the reaction of their children daily. However, 
children with SMID also expereince stress by not being 
Characteristics of Facial Muscle Changes in Children
with Severe Motor and Intellectual Disabilities
Emiko YOKOZEKI, Yuri IKEMOTO, Yasuteru HOSOKAWA,
Tomoki KOJIMA, Kikue KIDA  and  Kohji YAMAMOTO
The Society 5.0 Study Group, 
the Institute of Interdisciplinary Research, Shikoku University
      Home medical care has recently been promoted due to advances in medical technology, and 
the number of children with severe motor and intellectual disabilities (hereafter, children with 
disabilities) who receive medical care such as respiratory and nutritional management at home is 
increasing. Thus, it is necessary for the caregiver to communicate with severely ill children and 
understand their reactions. The physical, mental, and social burdens on the caregivers are heavy 
due to communication difficulties. To visualize the minute reactions of disabled children, we 
observed their activity in daily life, monitored facial muscle changes and heart rate at fixed points, 
and collected data. Multiple regression analysis was performed on both the observed data and the 
change in the movement of the facial muscles at the time of the recorded events. As a result, we 
found a common facial muscle movement during stress in disabled children and healthy adults. 
We successfully established a conceptual model portraying the children’s facial expressions during 
discomfort.
KEYWORDS:      children with severe motor and intellectual disability (SMID), facial muscle changes, 
visualization, multiple regression analysis, stress
ABSTRACT
― 86 ―
Emiko YOKOZEKI，Yuri IKEMOTO，Yasuteru HOSOKAWA，Tomoki KOJIMA，Kikue KIDA  and  Kohji YAMAMOTO
able to convey their needs and thoughts, and they 
experience pain such as increased muscle tone and 
gastrointestinal bleeding.
　　　Augmentative and alternative communication 
（AAC） applications such as “Let’s Chat” have been used 
to improve the communication ability of disabled 
children and understand their subtle reactions. These are 
means aimed to improve the communication ability of 
children with SMID. Many people involved in caring for 
sick children strive to capture the subtle reactions and 
analyze physiological indicators such as changes5） in 
heart rate, cerebral blood flow, and salivary amylase 
activity values.6） There have also been attempts to grade 
slight changes in facial expression and muscle tone based 
on their experiences7,8） and video recordings.9） However, 
not all children at home can use devices to measure 
physiological indicators daily, and the interpretation of 
facial expression and muscle tone depends on the 
interest, subjectivity, and attitudes of the caregivers. 
Moreover, since the interpretation differs10） depending on 
race, social background, and lifestyle, it is difficult to 
apply a foreign emotional level of facial expression 
directly to the Japanese people;11） currently, there is no 
such interpretation accepted worldwide.
　　　Therefore, we examined the literature to interpret 
the subtle reactions of disabled children12） and attempted 
a common understanding through a questionnaire survey 
of families raising children with SMID and of 
professionals involved in their care.13） We are developing 
a system that notifies the minute reaction and visualizes 
the slight changes to help common understanding in 
facial expression in these children to reduce their burden 
as well as on the people involved. We focused on the 
facial muscle, the key characteristic to be collected for 
developing the system, and report the facial muscle 
movement under unpleasant situations in this paper.
　　　
Ⅱ．Purpose
　　　The purpose of this study is to extract the features 
necessary to develop the system that notifies stress in 
children with SMID and clarify the facial muscle 
movement composing the facial expression to show 
stress. We also aim to identify facial muscle movements 
in the children, which are common to adults with typical 
development and explain to what extent the movements 
can explain their stress.
Ⅲ．Methods
1 . Recruitment of study participants
　　　First, we obtained ethical review approval 
（approval number, 2019045） from the research ethics 
committee of the institution and the facility’s consent. 
Subsequently, we recruited children with SMID （Group 
A） by sending their parents （family members） an 
envelope enclosed with a description, cooperation 
consent form, and reply stamp. Healthy adults （Group 
B） were recruited after ethical review approval （approval 
number, 20200013）. 
2 . Data collection period
　　　From November 2019 to August 2020. 
1 ） Data collection method
　　　In daily life, collecting data on heart rate and 
facial muscle movements may be stressful. Thus, we 
examined the apparatuses to be used and the critical 
points to be noted14） at data collection.
2 ） Data collection scene
　　　In Group A, daily situations were photographed, 
and the data of changes in heart rate and judgment by a 
professional and the family members raising the children 
were collected. In Group B, participants were subjected 
to a load of raising both feet for 1 to 2 minutes from a 
resting state, and the transition movement to a stressful 
state was repeated multiple times. Continuous data were 
collected during the period.
3 ） Equipment used for heart rate measurement
　　　Equipment A: Pulse oximeter Listox 2, Model 
3150BLE.
　　　Equipment B: MIO-VR-BB Ver.027 （Mio 
Corporation）.
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　　　Equ ipmen t  C :  Face  Reade r-8  （Noldus 
Corporation）.
　　　B and C were both contactless devices.
4 ） Movement of facial muscles
　　　A small camera was fixed at a position and angle 
where facial expressions and body movements could be 
seen. Shooting data were analyzed in real time with Face 
Reader-8 （Noldus Corp.） to extract and collect facial 
muscle movements. Face Reader-8  was used, in 
combination with the surface electromyography 
apparatus for facial muscles, to evaluate the effect of 
facial rehabilitation. Its effectiveness has been reported in 
a previous study.15） The characteristic features of 
Facereader-8 enable it to detect 500 facial points.
5 ） Assiduities to the participants
　　　Since the participants （research collaborators and 
families of children with SMID） could feel anxious 
about privacy faced with a video camera, a consideration 
was made for the participants to check the collected data 
at the shooting location, ensuring they had peace of mind 
and trust. 
　　　
3 . Points to keep in mind on data collection
　　　The children included in our study had respiratory 
depression and seizure induction associated with 
increased muscle tone, often accompanied by respiratory 
depression and respiratory distress under unfamiliar 
experimental stimuli. As a result, if they become infected, 
respiratory distress may be enhanced, causing a life-
supporting crisis. Therefore, we collected data with the 
cooperation of professionals ensuring sufficient infection 
control. 
4 . Analytical method
　　　On the application of stress such as anxiety and 
pain, the sympathetic nervous system may become 
active, and the heart rate and respiratory rate may rise.16） 
When an increase in heart rate of the participants was 
observed, we surmised they were under stress, and the 
analysis was performed to avoid artificial stress using the 
following methods.
　　　 1 ）Data used in Group A were those judged to 
be causing “stress” to children with SMID by family 
members who have been raised them over the years and 
by professionals. In Group B, the linguistic feedback of 
“stress” from the participants was used. 
　　　 2 ）The data of 20 items of both the heart rate 
（collected by Equipment A） and the facial muscle 
movements （collected by Equipment C） were used for 
multiple regression analysis with the stepwise method at 
a significance level of 5% using the statistical software 
SPSS Ver26. 
　　　In a previous study,17）we examined the 20 items 
of heart rate changes and the facial muscle movement 
before and after the events. We confirmed in both Groups 
A and B the significant difference in the movements and 
accompanied amplitude of the facial muscles. 
5 . Ethical Considerations
　　　The research purpose and method were explained 
beforehand in writing and verbally to the participants, 
research collaborators, and their consents were obtained 
in the consent forms. We guaranteed their free 
participation and interruption of the research, explained 
the non-occurrence of disadvantages,  ensuring 
anonymity, and the method of disclosing the results, and 
obtained their consent. We also explained to the 
investigators that they could cancel their participation 
even after an agreement, by handing over a withdrawal 
of consent form, and could refuse or suspend data 
collection and withdraw the use of investigated results.
Ⅳ．Results
1 . Outline of the collaborators
　　　The collaborators were 13 children with SMID 
（Group A, under Oshima’s classifications 1 to 4） who 
received oral intratracheal suction, tube feeding, and 
oxygen inhalation, and 4 adults （Group B） without 
underlying disease. Members in Group A were between 
the ages of 3 and 37 （17.7±15.6 years）, and those in 
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Group B were between 34 and 49 years （41.8±6.9 
years）. In this study, we used the data from two cases in 
Group A and two cases in Group B, where both 
professionals and families were convinced that these 
were stressful for children with SMID.
2 . Results of the multiple regression analysis
　　　To explore how the movement of the facial 
muscles changes upon heart rate increase, multiple 
regression analysis with the stepwise method was 
performed on the heart rate as the dependent variable. 
Table 4 presents the results of multiple regression 
analysis with a stepwise method for the four cases. In the 
four cases, the rank correlation coefficient between the 
independent variables was less than ±0 .5 .  The 
significance probability of the F value in the variance 
table analysis was p < 0.01, and the resulting multiple 
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1%. Further, when the significance probability, which is a 
measure of the significance of the partial regression 
coefficient, was checked in the coefficient table, p < 0.05 
was obtained for entire items, and the multiple regression 
equation was confirmed. It was also confirmed that the 
obtained data were all in a narrow range of IVF 
（Variance Inflation Factor） = 1.0 to 1.5, none indicated a 
h i g h  v a l u e ,  a n d  t h e r e  w a s  n o  p o s s i b i l i t y  o f 
multicollinearity.
　　　In Case 1, as a result of multiple regression 
analysis with 20 facial muscle movements as independent 
variables, the facial muscle movements of “20. Eye 
Closure （β = -0.625）” and “2. Outer Brow Raising （β 
= -0.297）” were extracted to reflect heart rate change. 
The determination coefficient R2 was 0.746 （adjusted R2 
= 0.743, p < 0.001）, and the heart rate change was 
predicted at about 75% rate from the 5 items of facial 
muscle movement including the other 3 variables.
　　　In Case 2, “15. Lip Tightening （β= -0.428）” 
and “6. Lid Tightening （β = -0.205）” , and the 
determination coefficient R2 = 0.348 （adjusted R2 = 0.340, 
p < 0.001） were similarly obtained. Thus, heart rate 
changes could be predicted at about 35% rate from 4 
items including the other 2 items.
　　　In Case 3, Pearson’s correlation analysis did not 
exhibit a strong correlation with heart rate17）. The results 
of multiple regression analysis of 20 facial muscles are 
presented in Table 2. The determination coefficient R2 
was as low as 0.159 （adjusted R2 = 0.149, p < 0.001）.
　　　In the 4 explanatory variables of “3. Brow 
Lowering （β = 0.257）” , “9. Lip Corner Pulling （β = 
0.171）” , “7. Nose Wrinkling （β = 0.211）” , and “2. 
Outer Brow Raising （β = -0.172）, there was almost no 
difference in influence among them. Further, heart rate 
changes could be predicted at a low rate of about 15%.
　　　In Case 4, “20. Eye Disclosure （β = 0.569）” 
and “9. Lip Corner Pulling （β = 0.364）” 　were the 
two explanatory variables, and the determination 
coefficient R2 was 0.377 （adjusted R2 = 0.374, p < 0.001）. 
Therefore, these two items were found to predict heart 
rate changes at about 37% rate.
Ⅴ．Consideration
　　　When stress is applied, the heart rate rises due to 
the increased function of the sympathetic nervous 
system.16） In this study, we analyzed two factors in daily 
life: i） events that seem to be painful for SMIR children, 
and ii） care that they may not prefer.18） Then, we 
compared the movement of facial muscles during stress 
of SMIR children with that of healthy adults.
　　　
1 .  Items extracted as the movement of facial muscles 
during stress
　　　Using the heart rate of 4 individuals as a 
reference, we searched for the changes in the movement 
of facial muscles by multiple regression analysis using 
the stepwise method. From the results, more than 50% 
changes of facial muscle action could be predicted in 
Case 1, and the prediction rate increased to about 75% 
with 5 items. Moreover, from the standardization 
coefficient β, it was found that the variable having a 
large influence was “20. Eye Closure” followed by “2. 
Outer Brow Raising” .
　　　In addition,  when Groups A and B were 
compared, the movements of “2. Outer Brow Raising” 
and “20. Eye Closure” the facial muscles under stress 
were considered to be common. Particularly, Case 1, 
where the data were collected before and after sputum 
aspiration, similarly received a high degree of influence 
from the standardization coefficient β of these two 
items. One previous study17） reported significant 
differences in the muscle movement before and after the 
event, indicating that there may be facial muscles that 
commonly change on stress regardless of disability or 
developmental stage.
　　　
2 . Eyes speak as much as the mouth
　　　Only in  two cases  of  Group A,  “6 .  Lid 
Tightening” was extracted as an explanatory variable. In 
the present analysis, the explanatory variable appeared 
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only in the group of severely disabled children. However, 
in a previous study17） that used the present data, there 
was a significant difference in the facial muscle action 
for all four cases before and after the event. Experienced 
professionals reported a result by a questionnaire 
method13） with a high score to indicate that they felt 
something from the visual line though the effect was 
difficult to explain. The movement of facial muscles is 
thus considered essential.
　　　Moriyama et al.19） reported an image analysis of 
the upper eyelid to detect sleep quality, and Ogoshi et 
al.,20） noting the changes in black eye shape and blinking, 
focused on the facial expression recognition for sleep 
quality. Facial muscle is accordingly considered an 
important item. It is necessary to increase the data 
quantity and verify them in future studies.
　　　
3 .  Facial muscle movements that are difficult to express 
for SMID children
　　　Only in Group B, “5. Cheek Raising” and “9. Lip 
Corner Pulling” were extracted as analytical items. These 
two items were significantly different before and after the 
event only in Group B.17） Kujiraoka states that SMID 
children do not have sufficient ability （i.e., smiles, 
pleasant voices,  and so on） to draw care from 
caregivers.21） Since these items are not extracted in our 
research as variables to explain stress, the movement of 
facial muscles in children with SMID may be small.
　　　
4 . Relationship with causes of stress
　　　In Case 1 ,  s tress was caused by sputum 
aspiration. From the value of the standardization 
coefficient β, the variable with the greatest influence 
was found to be “20. Eye Closure” followed by “2. Outer 
Brow Raising” and “18. Jaw Drop.” Regarding “2. Outer 
Brow Raising” and “18. Jaw Drop,” the effect on the 
facial muscle amplitude seems small. However, from the 
partial regression coefficient β, the influence of the 
standardization coefficient β appears larger than the 
other two items. The movement of facial muscles appears 
important to explain stress. By extracting these items, it 
may be possible to provide an image of facial expressions 
where changes are difficult to understand. In Case 2, “15. 
Lip Tightening” had a greater effect than the other three 
items. Since this is the result before and after oral care, it 
is necessary to make a unified comparison of events 
considered to be stressful.
　　　
5 . Future tasks
　　　Children with SMID have difficulties in transmit-
ting their thoughts and needs in words, and they do not 
communicate　adequately. They accumulate stress in 
their minds and bodies, developing a vicious cycle of 
muscle tone and respiratory distress. In our study, we 
used the events and the heart rate change that are thought 
to be stressful to the children with SMID as clues. 
Comparison with healthy adults revealed the facial 
muscle movement changes with stress. The heart rate 
does not always change under stress, and the degree of 
movement in facial muscles may fluctuate depending on 
the stress levels they feel. However, some stress is 
considered to induce the movement of certain facial 
muscles when the heart rate changes. Our result leads to 
the possible detection of stress from changes in facial 
muscles and heart rate.
　　　In future studies, it is necessary to unify the 
degree of stress and events and collect and analyze the 
data under standardized conditions. In addition to heart 
rate, the evaluation of the relationship between breath 
sounds and changes in facial muscle movements may be 
required to improve the accuracy of stress detection. It is 
also essential to compare and examine the data of 
children with SMID in-depth and coordinate the 
knowledge from caregivers who have brought them up 
and from the specialists involved in the care. Moreover, 
since it is difficult for children with SMID to explain 
stress in language, verbal feedback from healthy subjects 
is valuable to evaluate the utility of the data. To develop 
the possibility of general analysis, it is essential to 
examine cross validity, and an increase in the sample 
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data size is desirable.
　　　
Ⅵ．Conclusion
　　　Our results revealed some common facial muscle 
movements during stress between regular adults and 
children with SMID where the changes in facial 
expressions are difficult to detect in the case of the latter. 
Moreover, for the children expressing subtle facial 
expressions, the movement of the facial muscle “ 6. Lid 
Tightening” under stress was found more noteworthy 
than other facial movements. However, since the change 
is rather small, the inability to spot the movement with 
the naked eye was found challenging.
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